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INTRODUCTION 
The phase reversal of an emulsion from a system in 
which oil droplets are dispersed in a water medium to a 
system in which water droplets are dispersed 1n oil is 
dependent upon the interfacial characteristics of the li­
quids and the emulsifying agent being used, as well as the 
volume ratio of the two liquid phases. A preliminary inves­
tigation at this 1nstitution1 has indicated a possible rela­
tionship between phase reversal and the isoelectric point 
of gelatin used as the emulsifying agent. Since the proper­
ties of proteins vary so greatly with the hydrogen ion 
concentration, particularly near their isoelectric points, 
research into emulsion phase reversals with varying pH could 
give an insight into the mechanism of emulsion formation 
and behavior. 
Liquids chosen for the immiscible oil phase were organ­
ic substances for which phase reversals have been reported.2. 
They included both cyclic and long and short straight-chain 
hydrocarbons representing wide ranges in viscosity, density, 
and surface tension. 
The proteins chosen as emulsifying agents varied great­
ly in their structure. The simple proteins used were zein, 
1Hudgens, E.W., Investigation of the Emulsifying Properties
of Iso-Electric Gelatin, Thesis, School of Mines and 
Metallurgy of the University of Missouri, J8p., 1949. 
2Ib1d.
a prolam1ne, and gelatin, a mixture of hydrolyzed albumin­
oids. The class o� conjugated proteins was represented 
by the phosphoprote1n, casein. 
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REVIEW OF LITERATURE 
Protein Structure� Behavior 
Proteins are macromolecules consisting of amino acids 
connected by peptide 11nkages: l
R, O "Ri o � o 
I II 1 1\ , 3 � ···-N-C-c-w -c-c -N-C-c-....a- ...
I l I 1 \ I I 
H \-1 1-\ M H H H 
J 
T:P,e R groups re our 1n a regular . frequency which is differ­
en t for each amino acid. 2 Upon hydrolysis theoc-amino acids 
are formed. The dipolar character of the protein molecule 
is caused by these side-chain groups which make the molecule 
amphoterio. In oasein, for example, glutamic acid (a di­
oarboxylic acid) linked with lysine (a diamino acid) can 
behave both as an acid and a base by a proton shift. 
M I\ 0 M I\ 0 � '°' 0 ·I-' ti O 
• I ff I I ll t I Il l I �-�-C-C-N-c-c- -N-C-C-N-C-�-
. I I \ \ 
· .... :�C� C"'z. > C � Cl-\a. CH \ ' ' ' 2 C\-\ C\o\z. C \o\a. C=O l � 1 I1 C.\-\� C=O Cl-\z. 
Q\-1 I ' . I 
�\\
2 o - <r�z
N� N�+
Since the oarboxyl group of most proteins more readily loses 
a proton than the amino group will receive one, the ieoelec­
trio point (defined as the pH at which the protein is 
1Ch1bnall, A.C., Amino-Acid Analysis and the Structure of.
Proteins, Proo. Roy. Soc. B, Vol. lJl, p. 136, 1942. 
2Bergmann, M., and Niemann, C., Newer Biological Aspects of 
Protein Chemistry, Science, Vo1.86, pp. ia?-190, 19')7. 
4 
ionized equally as an acid and a base3 ) will be less than 
s�ven 1n a w�ter solution because of the hydrogen ions re­
leased by the ionization of the acid. On the basic side of 
the isoelectric point the protein will be negatively charged 
and will react only with positive ions. On the acid side, 
the converse is true. Instead of a specific point at which 
the protein molecules reverse charge, as stated by Sutheim 
and many others4 , Davis, Salisbury, and Harvey suggested 
that proteins had an isoelectric rangeS. However, this 
theory has not been generally ac.cepted. 
At the isoeleotric point, or range, the protein shows 
a minimum surface tension, viscosity, solubility, conduc-
t! vi ty, and stability6 ' 7. According to Sutheim, the 1nsta­
bili ty of proteins near their isoelectric points is also 
shown when emulsions are stabilized with proteins; the emul­
sions tend to coagulate near the isoelectric point8. The 
main factors affecting emulsions when the pH is altered, 
JHof:fman, W.F. and Oortner, R.A., Colloid Symposium Mono­
graph, Vol. 2, pp. 209-) 68, Chemical Catalog ComP(lllY, 
New York, 1925. 
4sutheim, G.M., Introduction to Emulsions, p. 85, Chemical 
Publishing Co., Inc., Brooklyn, N.Y�, 1946. 
Snavis, C.E., Salisbury, H.M., and Harvey, M.T., Surface 
Tension of Gelatin Solutions, J. Ind. Eng .. yhem·., Ind. 
F.ditlon·r Vol. 16, .pp. 161-16), 1924. 
6Ibid.
7 Hill, G.A., and Kelley, L., Organic Chemistry, 
The Blakiston Company, Philadelphia, 194). 
pp. 441-461, 
8 Sutheim, op.cit., p. 86. 
however, are changes 1n viscosity and surface tension, as 
was pointed out by Friedman and Evans9. 
Emulsion Theory 
Despite all of the study devoted to emulsions in the 
nineteenth oentury, it was less than fifty years ago that 
Walter Ostwald announced that two fundamental emulsion types 
exi�ted: oil dispersed in ·water and water dispersed in 01110. 
The effect of pH on phase reversal was noted by Se1friz11 
but he pointed out that it was not a determining factor in 
all cases. He �uggested that a change in pH might affect 
the hydration power of the emulsify� agent, or, in certain 
cases, a soap might be formed with the 01112. The old rule 
that an.emulsifying agent can stabilize only one type of, 
emulsion was· fully discredited by Cheesman and K1ng13.
The charge on the interfaciaf fiim of an emulsion and 
its relationship to stability was investigated extensively 
9 Friedman, L., and Evans, D.N., The Emulsifying Properties 
of'· Gelatin Systems, J. Am. Chern. Soc., Vol. 53, PP·· 
2898-2901 , 1931. 
lOostwald, W., BeitrAge zur Kenntnis der Emuisionen,
· Kolloid Z. , Vol. 6, p. 103, 1910.
llseif'riz, W., Phase Reversal in Protoplasm and Emulsions,
· Science,. Vol. 57, pp. 694-696, 1923. 
12se1f'r1z, W., Studies in Emulsions. VI. · The Ef'f'eot of'
Acidity on Type and Reversibility of' Emulsions, J. 
Phys. Chem., Vol. 29, pp. 8J4-8J7, 1925. 
lJcheesman� D.F., and King, A., The Properties of Dual Emul­
sions, Trans. Farady Soc., Vol. J4, p. 594-598, 1938. 
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by Schulman and Cockbain14. They concluded that an oil-in­
water (0/W) emulsion has an electrically charged interfacial 
film keeping the oil globules separated by mutual repulsion. 
For reversal of the emulsion type, they stated that the film 
must be rigid and can have no charge. This theory seemed 
to agree with Ghosh and Dhar's experiment in which they 
found that an addition of ions containing the same charge 
as the dispersed particles made inversion more difficult. 
They were able to cause inversion by the addition of multi­
valent ions, hydroxide ions, or hydrogen 1ons l5 . 
One report, seemingly contradictory to the above the­
ory, was that of Dickinsonl6 . All of the emulsions he test-
ed carried positive charges at low pH values, but as the pH 
was increased the charge reversed and increased in negativ-
ity up to a pH of 9, where it became constant. The negative 
charge he believed to be due to adsorption of the hydroxide 
ion, but he made no mention of a phase reversal when the 
charge on the emulsion reversed. According to Ellis, the 
14schulman, J .H., and Cockbain, E.G., Molecular Interactions 
at Oil-Water Interfaces. II. Phase Inversion and Sta­
bility of Water in Oil Emulsions, Trans. Faraday Soc., 
Vol. J6, p. 661-668, 1940. 
15Ghosh, S., and Dhar, N.R., The Influence of Ions Carryuig
the Sa.me Charge as the Dispersed Particles in the In­
version of Emulsions, J.Phys.Chem., Vol. JO, pp. 294-
305, 1926. 
16Dickinson, W., The Effect of pH on the Electrophoretic 
Mobility of Emulsions of Certain Hydrocarbons and Ali­
phatic Halides, Trans. Faraday Soc., Vol. 37, pp. 140-
... ,. 0 ., I"'\ J 1 ., 
...L�O • ..L�'"f'..L • 
7 
ro1e of the emulsifying agent ls to impart an e1ectrok1netio 
potential difference between the dispersed and external 
phases. For an emulsion to be stable the potential differ­
ence should be between O • OJ - O. 06 vo1 ts 17 . 
The f11m of emulsifier surrounding the dispersed droplet 
was assumed by Griff1n18 to be monomoleoular 1n thickness. 
However, Ramsdenl9 and others20 saw the f11m through a micro­
scope, a fact which suggested a thiokness of 50 to 100 mo1e-
cu1es. From experiments with dual emulsions, Woodman con-
eluded that the emulsifier is partitioned between the phases 
rather than chemically combined with one or both of the 
phases.21, 22
It. was W1111am Se1fr1z23 who first saw •bimultiple• sys­
tems 1n which a droplet of 1iquid A was suspended in a 
larger droplet of 11qu1d B whioh itself was suspended 1n 
17cobb, R.M.K., Emulsion Technology, P. 13, Chemical Pub11sh-
1ng Co., Inc., Brooklyn, N. Y., 1946. 
18Gr1ff1n, E.L., Emulsions of Mineral 011 with Soap and Water:
the Interfacia1 F11m, J. Am. Chem. Soc., Vol. 4S, p. 
1648, 1923. 
19Ramsden, W., Some Physical Properties of Composite Sur­
faces, Trans. Faraday Soc., Vo1. 22, p. 484, 1926. 
20seifr1z, W., Studies in Emulsions.· III. Double Reversal 
of 011 Emulsions Oocasioned by the Same E1ectro1yte, 
J. Phys. Chem., Vo1. 29, p. 747, 192S.
21Woodman, R.M., Studies in Dual Emulsions, Chem. Age 
(London), Vol. 25, pp. 146-147, 1931. 
22woodman, R.M., Experiments on Lecithin as an Emulsifier, 
with Some Observations on the Drop Method of Determin­
ing Emulsion Type, J. Soc. Chem. Ind., Vo1. S1, pp. 95-
100T, 1932. 
23se1fr1z, W., Studies 1n Emulsions. IV. Mu1tip1e Systems,
J .Phys. Chem. Vol. 29, pp. 744-746, 1925. 
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the external phase A. He observed tri-, tertiary, and even 
a "qu1nquemult1ple" system. To form such a system, he post­
ulated, either the liquids must be impure or the emulsifier 
cannot be the same throughout the system, since the emulsi­
fier would not be the same when stabilizing 0/W emulsions 
as when stabilizing W/0. The latter possibility has seemed 
more logical to other researchers. 
In the study of phase reversals, C.L. Wilson24 found 
that the addition of NaOH helped to stabilize the globules 
with an adsorbed film and aided 1n emulsification by lower-
ing the surface tension. In a water-benzene emulsion with 
oleic acid as emulsifier, he found a double reversal: O/W­
W/0 - 0/W. No explanation of the second reversal was given. 
An emulsifying agent tends to make the phase in which 
it is more soluble the external phase, according to J.H. 
Hildebrand25. He stated that the coalescence of dispersed 
droplets can be prevented by an increase in the interfacial 
tension of the film separating them. Reserve emulsifying 
agent dissolved in the external phase can bring about this 
increase in surface tension. 
Previously Seifriz26 had studied mineral oil� casein 
24w11son, C.L., Reversal of Emulsion Type, J. Chem. Soc., 
pp. 1360-1, 1934. 
25H1ldebrand, J.H., Emulsion Type, J. Phys. Chem., Vol. 45,
pp. 1303-1305, 1941. 
26seifr1z, W., Studies in Emulsions. II. The Effect of 
Electrolytes on Petroleum 011 Emulsions, J. Phys. Chem., 
Vol. 29, pp. 595-600, 1925.
9 
emulsions and found no connection between emulsion behavior 
and changes in interfacial tension between the oil and the 
casein solution brought about by addition of electrolytes. 
It is usually considered that the interfacial tension 
cannot be greater than one dyne for spontaneous emulsifica­
tion. By using an emulsifier an emulsion can be made even 
if the interfacial tension is as high as 10 dynes27, but if 
it is much greater than this, no emulsion can be made28. 
Factors Affecting Phase Reversal 
The factors upon which the emulsion -type depends are 
numerous, but the most important is undoubtedly the phase­
volume ratio. Although the most stable emulsions are pre­
pared when the ratio of the two immiscible liquids is 
approximately 50:50, emulsions with as high as 99% internal 
phase and 1% external phase have been prepared29 .. Lachampt
arrived at this startling conclusion, as yet unverified by 
other scientists, that the critical point of inversion is 
independent of the amount of oil and depends only on the 
amount of water added in inverting from 0/W to w;oJ0 • 
27cobb, op. cit., p. 17. 
28 Sutheim, op. cit., p. 299.
29Picker1ng, S.V., Emulsions, J. Chem. Soc., Vol. 91, p. 2002,
1907. 
JOLachampt, F., Relation entre le Renversement des �ulsions 
et les Changements de Phases des Savona, Compt. rend., 
Vo1. 220� No. 10\ pp. Jl7-Jl8 t 1945. 
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The addition of ions to an emulsion to cause reversal 
has been studied extensively by many researchers. Parsons 
and WilsonJl inverted mineral oil emulsions by the addition 
of di- and trivalent ions. Monovalent, neutral salts broke 
the emulsion by salting out. However, with kerosene, King 
and Wrzeszinsk1J2 failed to find any reversal upon addition 
of multivalent salts, acid or base. Very little effect on 
stability was noted. 
The liquid which first wets the walls of the container 
tends to be the external or continuous phase. This was 
first mentioned by Ostwa1dJJ and later substantiated by 
others34 , J5. It is the explanation of the phenomenon which 
intrigued chemists for years - the :fact that dua1 emulsions 
can be prepared in some oases merely by varying the manner 
of shak1ngJ6, 37.
J1Parsons, L.W., and Wilson, O.G., Jr., Factors Affecting 
the Stability and Inversion of Oil-Water Emulsions, J. 
Ind. Eng. Chem., Vol. lJ, pp. 1116-112), 1921.
J2K1ng, A., and Wrzeszinski, G.W., In:fluenoe o:f Electrolytes 
on Emulsion Type and Stability, Trans. Faraday Soo.,
Vol. 35, pp. 741-74), 1939 .. 
JJostwald, 100. cit. 
34woodman, R.M., Notes on Dual Emulsi9ns, with Examples of 
Interest in the Spraying of Trees, J. Phys. Chem., 
Vol. JJ, pp. 88-94, 1929. 
JSnvoretskaya, R.M., E:f:feot of Selective Wetting on the Proc­
ess of Formation of Emulsions, Kollo1d Zhur., Vol. 16, 
pp. 246-254, 1954. Chem. Abstracts 1JJ42g, 1954. 
J6cheesman and King, op. cit., p. 594. 
J7Andreas, J.M., Inversion of an Interesting Three-Phase 
Emulsion, J. Chem. Education, Vol. 15, p. 52), 19)8. 
11 
Normally, the liquid which first wets the flask walls 
will have the lower surface tension and will become the 
external phase. Certain shaking methods allow the liquid 
with the higher surface tension to reach the walls first 
and wet them. 
It has been proved by LewisJ8 that if the dispersed 
droplets are 0.5p. in diameter the emulsion has almost no 
tendency to break. 
Certain emulsifying agents, such as gelat1n39, can 
accelerate creaming of some natural emulsions. No explana-
tion of the effect has been given, although it is known 
that a temperature of 50 - 60 °c increases· the creaming. 
J8Lewis, W.C.Mc.C., Gr�sse und elektrische Ladung der Oel­
teilchen in Oel-Wasser-Emulsionen, Kolloid-Zeitschr., 
Vol. 4, 211, 1909. 
J9c1ayton, W., The Theory of Emulsions and their Technical 
Treatment, 4th edition, p .  58, The Blakiston Co., Phila­
delphia, 194J. 
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MATERIALS AND EQUIPMENT 
Materials 
The organic liquids emulsified with the protein solu­
tions were all standard reagent grade. 
The n-amyl alcohol (practical) was manufactured by 
Eastman Distillation Products Industries. 
The n-butyl bromide was a product of Matheson Company. 
The capryl alcohol {octanol-2) was obtained from Merck 
and Company, Inc. 
Two mineral oils were used. (1) a white paraffine oil 
from Baker and Adamson, General Chemical Division with a 
specific gravity of 0.874 at 35oc., and (2) a heavy Californ­
ia petrolatum manufactured by E.R.Squibbs, Olin Mathieson 
Chemical Corp. with a specific gravity of 0.881 at 35 ° c.
The nitrobenzene was a product of Eastman Distillation 
Products Industries. 
The H2S04, HCl, and NaOH were all C.P. reagent chem­
icals. 
The proteins used as emulsifying agents were: (1) gela­
tin, with an isoelectric point of 4.90; (2) gelatin, with an 
isoelectr�c point of 4.80; (J) casein; and (4) zein; all 
manufactured by Eastman Distillation Products Industries. 
The 0.5% gelatin solution was prepared by adding gela­
tin to water at 50 o and stirring at that temperature for 
one hour. The solution was digested for five hours before 
use to allow it to come to an equilibrium pH. 
NaOH was then added to bring the solution to the required 
pH value. 
lJ 
Casein is insoluble in water, but can be dissolved in 
some dilute acids· and bases. For pH values above the iso.­
electric point a O .5 % casein solution was made by dissolv­
ing solid casein in dilute NaOH (pH around 12) at room 
temperature with stirring, and then brought to the correct 
pH by addition of HCl. On the acid side of the isoelectric 
point the casein was dissolved in a boiling hydrochloric 
acid solution having a pH around 2. The mixture was stirred 
until all casein dissolved. The desired pH value was obtain­
ed by adding NaOH. Casein has an isoelectric point of 
approximately 4.6. Solutions in the pH range of J.7 to 5.7 
were not obtained by the methods outlined above because of 
precipitation of the casein as the isoelectric point was 
approached. The casein solutions were used immediately 
because of their tendency to hydrolyze on standing. 
A O. 5 % zein solution was made by dissolving zein in 
a 50 % ( by weight) mixture of absolute ethanol and water. 
The resultant pH was around 6.8, the isoelectric point of 
zein. The required pH was obtained by addition of HCl or 
NaOH. Originally an attempt was made to dissolve zein 1n 
dilute NaOH, as with casein, but it was found that upon 
addition of HCl to the solution the zein precipitated out 
at a pH of 11.J, verifying the results reported by Ofelt 
and Evansl, who reported this value as the lower limit of 
solubility for zein in NaOH. 
Equipment 
A one-cylinder type, hand-operated, colloid mill 
homogenizer was used to make all emulsions. pH values 
were determined by a Macbeth pH Meter model 1051, line 
14 
operated, which was standardized with a buffer solution of
potassium acid phthalate2 . Emulsion type was observed by 
means of a Bausch and Lomb microscope with a 12.5X eyepiece 
and a 21.X objective. 
lofelt, C.W., and Evans, C.D. , Aqueous Zein Dispersions, 
Ind. Eng. Chem., Vol. 41, pp. 8J0-8JJ, 1949. 
2Lange, N.A., Handbook of Chemistry, 2nd edition, p. 899, 
Handbook Publishers, Inc., Sandusky, Ohio, 1937. 
15 
PROCEDURE 
Twenty-five milliliters of a mixture composed of a 
protein solution and the immiscible oil were measured from 
burettes into a 125 ml flask. The flask was stoppered and 
placed 1n a water bath at 35oc for thirty minutes. The 
flask was vigorously shaken vertically fifteen times and 
the contents emptied into the homogenizer. The emulsion 
was passed through the homogenizer ten times, and placed 
in a test tube for analysis. A small amount was immediate­
ly examined under the microscope in order to determine 
emulsion type and, if necessary, the results were checked 
by dilution. The remainder of the emulsion was observed 
for creaming. Stability of the emulsion was determined 
after twenty-four hours. 
Emulsions were made from aqueous protein solutions 
adjusted to pH values generally between 2 and 12. These 
were obtainable with low concentrations of acid or base, 
decreasing the possibility of reversing the emulsions by 
salting with large quantities of ions. 
Determination of Emulsion Type 
Creaming. The direction of creaming indicates the 
emulsion type as follows: if liquid A, having a lower 
density than liquid B, is dispersed as an emulsion in B, 
the stable emulsion will cream upward upon standing. How­
ever, if Bis dispersed in A, the emulsion will tend to 
cream downward. This effect is obscured in very stable 
emulsions and in unstable emulsions which break quickly, 
giving a definite interface between the two liquids. 
An error can easily be made if the emulsion is thick 
16 
and foamy. Entrapped air may make the emulsion cream up­
ward when it actually is heavier than the dispersed phase. 
Dilution. A small amount of the emulsion can be added 
to a drop of liquid which composes the external phase of 
the emulsion. The two will mix readily. If some of the 
emulsion were added to the internal phase, the two would 
be immiscible. This test can be quickly and easily per-
formed with decisive results, provided: 
(l) the emulsion is not too thick, 1n which case it
prefers not to mix with anything; 
(2) the emulsion is not extremely unstable, such as
those near the point of inversion. An unstable emulsion 
may break when added to liquid of either the external or 
internal phase; 
(3) the emulsion is allowed to age before testingl .
Wetting of' Flask Walls. The determination of' emulsion 
type by observing whether or not the emulsion wets the glass 
walls of the flask is probably the poorest indication men­
tioned in this section, although it has been used to the 
lwoodman, R.M., Experiments on Lecithin as an Emulsifier,
with Some Observations on the Drop Method of Deter­
mining Emulsion Type, J. Soc. Chem. Ind., Vol. 51, 
pp. 95-lOOT, 19)2. 
17 
exclusion of other methods in a great deal of research. If 
the external phase is aqueous the walls will be wet; if it 
is oil, the walls remain dry. If a homogenizer is used for 
emulsification, the phases sometimes reverse during homogen­
ization, a fact which cannot b e  observed on the flask walls. 
Near the point of reversal, a.11d with very thick emulsions, 
the condition of the wall cannot be used as a positive test 
for emulsion type. 
Conductivity. Recently the conductivity of the emulsion 
has been used as a means of determining the type. If water 
is the continuous, external phase, the emulsion is a very 
good conductor of electricity. If a non-conducting o il is 
the continuous.phase,a great drop 1n conductivity can be 
noted2. This met hod is rapid and is dependable except for 
unstable emulsions ne ar the po int of reversal where inter­
mediate conductances are registered, rather than giv ing a 
definite indication of the.type. It was precisely these
emulsions which had to be most carefully examined in this 
study, so the conductivity method was not used. 
Microscope. Determination of emulsion type under the 
microscope is undoubtedly the surest method available once 
the observer has had enough experience to distinguish be­
tween 0/W and W/0 emulsions. Attempts to mark one of the 
phases for identification were made by adding dyes soluble 
� 
GWilson, op. cit., p. 1)60. 
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in only one phase, but without much success. The phases can 
be differentiated as follows: 
(1) Oil-in-water emulsions that have been run through
the homogenizer are usually, but not invariably, smaller, 
more uniform globules than water-in-oil globules. This is 
shown 1n Figures 1 and 2. 
(2) The aqueous phase usually has a slight bluish tint
to it, apparent when the microscope is slowly brought into 
focus. The oil phase, if it has any color, is a pale tan. 
(J) From the method given by van der Burg3, if the
microscope is focused on a globule, and the objective is 
raised slowly, an image of the light source appears in it 
if the globule has a greater refractivity than the external 
phase. If the refractivity of the globule is less than the 
external phase, an image of the light source appears when 
the objective is lowered. Figure 4 shows this method with 
a W/0 emulsion. 
The emulsions were observed with a total magnification 
of 262 times. No coverglass was used because it tends to 
distort or break the emulsion. With volatile liquids the 
emulsion must be observed rapidly before the emulsion breaks 
and evaporates. 
Although it was not possible to verify the existence 
of tertiary and qu1nquemultiple systems in this study due 
Jvan der Burg, B., Method for Determining the Emulsion 
Type, Chem. Weekblad, Vol. 28, p. 251, 19)1. Chem. 
Abstracts, .2.i :JSJ9. 7 . 
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to the limit of magnification of the microscope, bimultip1e 
systems were common and a few trimu1tiple systems were ob­
served, as indicated 1n Figure J4 .
Stability 
Unstable Systems. In many instances in this research, 
emulsions were made which separated into two immiscible 
layers immediately after emulsification, usually with the 
aqueous layer containing an 0/W emulsion. This most often 
occurred when metal ions were added to the emulsion by cor­
rosion of the homogenizer ( see following section for corrosion 
problems). No graphs were made of these unstable mixtures 
but they are noted in the tables of data. 
Stability after� Hours. The stability of the emul-
sion was expressed as the per cent by volume of stable 
emulsion present 24 hours after emulsification. Except for 
very thick or semi-solid emulsions which were close to 100% 
stable, the 0/W emulsions were often not very stable. The 
figures for W/0 emulsions usually indicate good stability 
but they cannot show the fact that these emulsions were often 
very thin. The stability data depend on creaming (almost 
nil with thin, finely dispersed emulsions) and on breaking 
of the emulsion into its two component fractions. 
4 c.f. Seifriz, W., Studies in Emulsions. IV. Multiple Sys-
tems, J. �'iiyB. Chem., 1lo1.. 29, 'i>'i>· 744-746., 1.925, 
(a) 
J'igu.re 1. 011-1.D.-Water Ell'lul&ion 
(a) Emu.lsion beginning to break:
by coalescence o� oil drop­
lets.
a) 
noire 3. �imul tiple 87wt•: 011 
Dimperee4 1n Water-1.n.-otl �­
sio,i. 
(a) A trll!!ul tiple gl.obale.
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Water-in-Oil Ema.lsion 
:rigure 4. Identification ot 
Water-in-Oil Syet9m b7 Van 
der •re Method (ObJective 
lowered fror:i focused �oei­
tion). 
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Corrosion. The homogenizer used was made or cast a1-
uminum with a valve or brass and chrome-plated brass.· Amyl 
alcohol appeared to attack the chromium plating, giving a 
green color to t he emulsion. With gelatin as an emulsirier 
the corrosion was observed with W/0 emulsions 1n which no 
base was present. The addition or NaC1 prevented corrosion 
at the isoelectric point. With casein as emulsirier there 
was corrosion with amy1 alcoho1 1n W/0 emulsions in which 
no HCl, NaOH, or NaCl was present. For zeln emulsions or 
W/0 with amyl alcohol, corrosion grew more pronounced as 
the pH increased. There was no corrosion with a pH as low 
as 2. 
Nitrobenzene emuls1r1ed with casein seemed to rorm 
corrosive 0/W emulsions at high pH values, rorming a deep 





It was observed that the pH of the 0.5% gelatin solu­
tions increased with age. Immediately after emulsification 
the pH was 2.5-J.5; after standing five hours the pH in­
creased to about 5·.o, very close to the isoelectric point. 
In basic solution also, the gelatin had a tendency to change 
pH. A solution with a pH of 9.3 dropped to 7.9 within five 
hours and remained at that point. To overcome the errors 
caused by changes in pH of the gelatin solution, the liquid 
was allowed to stand for five hours, H2S04 or NaOH was added 
to bring it to the desired pH, and the solution was immedi­
ately emulsified with oil. 
With oil-in-water gelatin emulsions, the thickness in­
creased with increasing oil concentrations up to the point 
of reversal. The water-in-oil emulsions were generally much 
thinner. Near the isoelectric point the dispersed water 
phase usually contained oil droplets. For convenience this 
was abbreviated "O/W/0" in the tables of data; that is, oil 
dispersed in water which was dispersed in a continuous phase 
of oil. This is shown in Figure J. 
Amyl Alcohol-Water Systems, Gelatin Emulsifier. Phase 
reversals occurred at extremely high and low pH values. Be­
low pH 2 the emulsions near the point of reversal were un­
stable, but a definite double phase reversal was found for 
2J 
an amyl alcohol concentration of 55�. No reversal was found 
when equimolar quantities of NaCl were subs·ti tuted for the 
H2S04 and NaOH, indicating that the reversals were caused by 
the changes in the hydrogen ion concentration and not mere­
ly because of the presence of a large number of ions in the 
gelatin solution. Data for amyl alcohol emulsified with 
gelatin solution are given in Table I. A curve illustrating 
the double phase reversal is shown in Figure 5. 
Butyl Bromide - Water Systems, Gelatin Emulsifier. An 
extensive study was made of these emulsions, especially at 
low concentrations of butyl bromide, in an attempt to verify 
a reported phase reversal near the isoelectric pointl . This 
study did not find any phase reversal due to the hydrogen 
ion concentration. All of the butyl bromide emulsions were 
stable 0/W type up to concentrations of 60%011. Above this 
concentration the emulsions were unstable, immediately sep­
arating into two layers - an aqueous layer containing 0/W 
and an oil layer containing W/0 with some O/W/0. This was 
true for oil concentrations as high as 90% and occurred 
throughout the pH range investigated. Consequently, the re­
sults were not graphed, but are given in Table II .. 
Capryl Alcohol - Water Systems, Gelatin Emulsifier. No 
phase reversal due to changes in the hydrogen ion concentra­
tion was found for the capryl alcohol emulsions. At all pH 
values investigated, the emulsions were 0/W up to 
1Hudgens, loc. cit.
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concentrations of 60'/, capryl alcohol. Above this concen­
tration unstable 0/W/O emulsions were formed whi-ch rapidly 
changed to 0/W emulsions by coalescence of the water drop­
lets. The results are listed in Table III. 
Mineral 011 - Water Systems, Gelatin Emulsifier. Thick 
stable 0/W emulsions were formed with oil concentrations up 
to approximately 75'1,. With a greater oil ratio the emulsion 
immediately separated into two layers: a thick 0/W layer as 
before, and an oil layer containing widely dispersed water 
droplets and 0/W droplets (O/W/0). Inasmuch as there was 
no distinct division between volume ratios which would pro­
duce 0/W or W/0 emulsions and the effect of pH variation 
could not be shown, the results were not graphed. Table IV 
lists the data for these systems. 
Nitrobenzene - Water Systems, Gelatin Emulsifier. On 
the acid side of the pH scale, stable 0/W emulsions were 
formed for nitrobenzene concentrations up to 60,%. On the 
basic side of the scale 0/W emulsions were formed only up 
to 55% nitrobenzene. Above these limiting concentrations 
two layers of liquid immediately separated, with the aque­
ous phase containing 0/W and the nitrobenzene phase con­
taining W/0 and 0/W/O. This was not a complete reversal, 
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Figure 6. Nitroben2ene Emulsified 
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TABLE I 
AMYL ALCOHOL - WATER SYSTEMS, GELATIN EMULSIFIER 
Isoelectric point, 4.90 Temperature, 35 °
Emulsion 
pH. </, Oil % Stability, Emulsion Number 24 hours Type 
l 1.5 55 35 0/W 
2 l.7 50 88 0/W 
3 5.5 4 n 
4 60 l 0/W, W/0 
65 0 W/0 
6 70 0 ff 
7 7.5 0 n 
8 2.0 JO 78 0/W 
9 35 BJ " 
10 40 79 " 
11 4.5 8J " 
12 .50 78 " 
13 .5.5 0 0/W, W/0 
14 60 0 n " 
15 65 0 W/0 
16 70 0 " 
17 7.5 0 n 
18 3 . .5 JO 96 0/W 
19 35 92 n 
20 40 93 n 
21 4.5 91 n 
22 .50 92 n 
23 .5.5 0 
,. 
1tl/O 
24 60 l . it 
2.5 65 l. " 
26 70 3 " 
27 7.5 3 n 
28 3.8 5.5 13 O/W/0 
29 4.5 JO 90 0/W 
JO 35 92 II 
31 40 92 n 
32 45 90 n 
33 50 93 n 
34 5.5 0 W/0 
35 60 0 II 
J6 65 0 n 
37 70 0 n 
J8 75 0 n 
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TABLE I (Continued) 
Emulsion pH % 011 % Stability, Emulsion Number 24 hours Type 
39* 4.8 4.5 92 0/W 
40* 50 93 II 
41* 5.5 21 W/0 
42* 60 16 II 
4J* 6.5 JO II 
44 5.0 45 91 0/W 
45 50 94 II 
46 55 1 W/0 
47 60 0 II 
48 6.5 0 II 
49 5.1 JO 95 0/W 
50 35 92 II 
51 40 93 II 
.52 4.5 92 " 
.53 50 87 n 
54 5.5 34 W/0 
55 60 27 II 
.56 6.5 21 It 
57 70 1.5 II .. 
.58 7.5 10 II 
.59 9.2 4.5 93 0/W 
60 .50 93 :, 
61 5.5 0 0/W/O 
62 60 0 0/W/O,W/O 
6J 6.5 0 II II 
64 10.2 .5.5 2 0/W/O 
65 60 0 II 
66 11.0 .5 .5 0 0/W/O 
67 11.8 JO l 0/W 
68 3.5 0 II 
69 40 0 II 
70 4.5 0 II 
71 .50 0 II 
72 .55 0 II 
73 60 0 II 
74 6.5 0 W/0 
75 70 0 II 
76 7.5 0 II 
*O. 01 M NaCl added.
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TABLE II 
BlJTYL BROMIDE - WATER SYSTEMS, GELATIN EMULSIFIER 
Isoelectric point, 4.80 Temperature, 2.5 °
Emulsion pH %, Oil % Stability, Emulsion Number 24 hours Type 
77 2.4 60 8) 0/W
78 65 JO 0/W, 0/W/O 
79 70 18 II " 
80 7 5 8 II If 
81 4.0 5 6 0/W 
82 10 l) II 
8) 15 21 II 
84 20 26 II 
85 25 J7 II 
86 JO 41 II 
87 J .5 47 II 
88 40 55 II 
89 45 66 II 
90 .50 - " 
91 4. 5 5 7 0/W 
92 10 10 II 
93 15 12 II 
94 20 20 II 
95 25 18 II 
96 JO 29 II 
97 J.5 52 II 
98 40 64 II 
99 45 68 II 
100 50 76 II 
101 4.9 5 8 0/W 
102 10 12 II 
10) 15 20 II 
104 20 25 II 
105 25 33 II 
106 JO 41 II 
107 35 49 II 
108 40 58 II 
109 45 66 II 
110 50 69 " 
111 5.0 50 100 0/W 
112 60 99 ti 
113 65 98 II 
114 70 26 0/W, O/W/0 
115 80 6 II fl 
116 90 0 II II 
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TABLE II (Continued) 
Emulsion pH % Oil " Stability Emulsion Number Type 
117 5.1 25 43 0/W 
118 JO 48 fl 
119 35 42 II 
120 40 47 n 
121 45 52 II 
122 50 65 n 
123 55 69 II 
124 60 39 II 
125 65 22 II 
126 70 14 
127 5.J 25 56 0/W 
128 JO 56 II 
129 35 61 II 
130 40 63 ti 
131 45 71 tt 
132 50 65 n 
133 .5. 5 5 7 0/W 
134 10 13 tt 
135 15 19 " 
136 20 19 II 
137 25 75 II 
138 JO 90 n 
139 35 86 " 
140 40 91 II 
141 45 97 " 
142 .50 69 II 
143 6.1 5 6 0/W 
144 10 12 II 
145 15 18 n 
146 20 8 II 
147 25 6 II 
148 JO 60 II 
149 35 74 " 
150 40 80 II 
151 45 81 II 
152 50 96 ff 
153 7.8 5 6 0/W 
1.54 10 11 II 
155 15 18 II 
156 20 23 II 
157 25 61 n 
158 JO 76 II 
1.59 35 88 II 
160 40 91 II 
JO 
TABLE II (Concluded) 
Emulsion pH $, 011 '/,, Stability, Emulsion Number 24 hours Type 
161 7.8 45 100 0/W 
162 50 100 II 
l6J 7.9 25 J2 0/W 
164 JO 68 n 
165 35 84 II 
166 40 100 ff 
167 45 100 tt 
168 8.6 5 7 0/W 
169 10 12 II 
170 15 19 n 
171 20 26 n 
172 10.8 60 86 0/W 
173 65 22 0/W, 0/W/O 
174 70 19 ,r " 
175 75 8 It " 
176 80 6 n n 
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TABLE III 
CAPRYL ALCOHOL - WATER SYSTEMS, GELATIN EMULSIFIER 
Isoelectric point, 4.90 Temperature, J.5 o 
Emulsion pH '/, Oil '!, Stability, Emulsion Number 24 hours Type 
177 1.8 .55 76 0/W 
178 60 48 n 
179 65 .56 O/W/0 
180 70 62 II 
181 75 68 ft 
182 J.9 .55 48 0/W 
183 60 34 II 
184 65 27 0/W/O 
18.5 70 6J II 
186 7.5 .59 n 
187 .5. 0 .55 0 0/W 
188 60 0 n 
189 65 60 0/W/O 
190 70 69 " 
191 7.5 68 O/W/0, W/0 
192 6.2 60 14 0/W 
193 65 67 0/W/O 
194 9.8 60 0 0/W 
19.5 65 70 0/W/O 
196 12.1 .55 0 0/W 
197 60 3 II 
198 65 .57 0/W/O 
199 70 60 " 
200 75 77 n 
32 
TABLE IV 
MINERAL OIL - WATER SYSTEMS, GELATIN EMULSIFIER 
Isoelectric point, 4.90 
Temperature, 35 °
Emulsion pH '/, 011 Number 










211 4.7 55 
212 60 
21J 65 





















Specific grav. • 0.874 
Stability* Emulsion Type 
92 0/W 
JO 0/W, 0/W/O 
6 W/0, O/W/0 
l n .. 
0 n " 
10 0/W, W/0 
5 n n 
11 n n 
8 n n 

























*"Stability" expressed as per cent 0/W type emulsion remain­
ing after 24 hours. 
TABLE IV (Continued) 
Emulsion pH % Oil Stability 
Number 
2J.5 .5. 0 50 83 
236 55 90 
237 60 100 
238 6.5 96 
239 70 92 
240 7.5 100 
241 80 2�}242 85 _, 
243 90 0 
244 95 0 
245 5.8 JO 96 
246 3.5 96 
247 40 96 
248 4.5 95 
249 50 97 
250 5.5 97 
251 60 97 
252 65 98 
253 70 95 
2.54 7.5 99 
25.5 7 . .5 75 100 
256 80 28 
2.57 8.5 13 
258 90 7 
259 95 0 
260 9.2 75 100 
261 80 24 
262 8.5 9 
263 90 1 
264 9.5 0 
26.5 10.9 40 94 
266 50 92 
267 60 97 
268 65 97 
269 70 100 
270 7.5 100 
271 80 100 
272 8.5 5 
273 90 1 
274 95 0 
275 11.8 75 100 
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{W /0, 0 /W, W /0 /W,
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TABLE IV (Concluded) 
Emulsion 
pHi %, 011 Stability 
Emulsion 
Number Type 
277 11.8 85 5 O/W,.O/W/0 
278 90 J O/W/0 
279 95 0 W/O,O/W/0 
J.5 
TABLE V 
NITROBENZENE - WATER SYSTEMS, GELATIN EMULSIFIER 
Isoelectric Point, 4.90 Temperature, J .5 o 
Emulsion % 011 
* Emulsion
Number pH Stability Type 
280 1.7 55 72 0/W 
281 60 80 " 
282 65 4 O/W,O/W/0 
283 70 .5 n n 
284 75 J II II 
28.5 .5. l 50 67 0/W 
286 55 78 II 
287 60 8.5 II 
288 65 10 O/W,O/W/0 
289 70 .5 II n 
290 9.8 35 49 0/W 
291 40 5.5 II 
292 45 6J II 
293 50 67 II 
294 5.5 7.5 II 
29.5 60 7 O/W,W/0 
296 6.5 3 O/W,O/W/0 
297 70 2 n It 
298 75 l n n 
299 80 0 a ti 
JOO 12.1 55 74 0/W 
JOl 60 24 O/W,O/W/0 
302 65 7 n It 
JOJ 70 3 It II 
*Expressed as per cent 0/W remaining after 24 hours.
J6 
Casein Emulsions 
Because of casein's marked insolubility in water near 
the isoelectric point, a variation in pH greatly altered 
the emulsifier and its ability to stabilize a particular 
type of emulsion. In theory, the phase in which the emul­
sifier is more soluble tends to be the external phase, since 
the emulsifier will lower the surface tension of that phase. 
This might explain a tendency for W/0 emulsions to be formed 
near the isoelectric point but is insufficient to explain 
the opposite effect found with some emulsions. For the 
critical concentration at which phase reversals were most 
likely to occur the emulsions reversed phase at or near the 
isoelectric point in every case 1n which they were stable. 
No phase reversals were found at extremely high or low pH 
values. 
Amyl Alcohol - Water Systems, Casein Emulsifier. A 
triple reversal of phase was found for this system at 55� 
alcohol. The reversals, shown in Figure 7, occurred on both 
sides of the isoelectric point. The complete data for 
these systems are listed in Table VI. 
Capryl Alcohol- Water Systems, Casein Emulsifier. At 
pH values above the isoelectric point the casein coagulated 
and the two components immediately separated, forming almost 
no emulsion. Below the isoe�ectric point a slight phase 
variation with pH was noted but there was no decisive phase 
reversal. The data can be found in Table VII. 
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Mineral 011 - Water Systems, Casein Emulsif'ier. . Only 
one emulsion indicated a phase reversal. At a pH of' 5.65 
and an oil concentration of' 80%, an emulsion was f'ormed 
which was W/0/W the f'irst two times through the homogenizer 
but reversed to 0/W/O with repeated homogenizing. This 
series of' emulsions is shown in Figure 8 plotted f'rom the 
data given in Table VIII. 
_-_ Nttrobenzene - Water Systems, Casein Emulsif'ier. Fig­
ure 9 shows this series of' emulsions. Although there was 
no reversal at pH values above the isoeleotric point, nitro­
benzene became the external phase at lower concentrations 
in this area than on the other side of the isoeleotric point. 
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TABLE VI 
AMYL ALCOHOL - WATER SYSTEMS, CASEIN EMULSIFIER 
Isoelectric point, 4.6 Temperature, 3 5 °
Emulsion pH '/, 011 Stability Emulsion Number Type 
304 2.5 45 94 0/W 
J05 50 93 n 
J06 55 95 n 
307 60 80 W/0 
308 65 85 II 
309 J.7 45 97 0/W 
310 50 95 n 
311 55 93 W/0 
312 60 92 II 
31.3 65 85 n 
.314 5.7 45 66 0/W 
315 50 73 n 
316 55 79 II 
317 60 55 W/0 
318 65 72 n 
319 7.9 50 78 0/W 
320 55 5 W/0,0/W/O 
321 60 7 II II 
322 65 5 II II 
323 10.5 45 57 0/W 
324 50 78 n 
325 55 88 W/0 
326 11.9 40 0 Unstable 
J27 50 0 II 
328 55 0 II 
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TABLE VII 
CAPRYL ALCOHOL - WATER SYSTEMS, CASEIN EMULSIF'IER 
Isoelectric point, 4.6 Temperature, 3 5 °
Emulsion pH % Oil Stability Emulsion Number Type 
329 2.6 55 94 0/W 
330 60 93 II 
331 65 55 O/W/0 
332 70 62 II 
333 75 70 II 
334 3.7 55 23 0/W 
335 60 0 O/W,O/W/0,W/C 
336 65 0 II n II 
337 70 44 0/W/O 
338 75 66 W/0,0/W/O 
339 5.7 55 Casein Coagulates 
340 60 n II 
341 65 n " 
342 70 n n 
343 75 n n 
344 7.9 55 Casein Coagulates 
345 60 II 
n 
J46 65 II II 




MDJERAL OIL - WATER SYSTEMS, CASEIN EMULSIFIER 
Isoelectric point, 4.6 
Emulsion 
pH %, Oil Number 





353 J.5 75 
354 80 
355 85 












































88 " II 




87 II II 
93 " II 
(Specific gravity mineral oil, 0.881) 
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TABLE IX 
.NITROBENZENE - WATEli SYSTEMS, CASEIN EMULSIFIER 
Isoelectric point, 4.6 Temperature, 3.5 °
Emulsion pH %, Oil Stability 
Emulsion 
Number Type 
376 2.4 50 100 0/W 
377 55 40 O/W,O/W/0 
378 60 33 II " 
379 65 27 II II 
380 70 20 II II 
381 3.7 50 91 0/W 
.382 5.5 94 0/W, W/0/W 
38.3 60 0 W/0, unstable 
.384 6.5 0 II 
.385 70 0 II 
.386 5.7 50 69 0/W 
.387 .55 32 O/W/0 
J88 60 26 O/W/O,W/0 
.389 6.5 25 u II 
.390 70 14 u II 
391 9.4 50 70 0/W 
392 55 16 II 
39.3 60 26 II 
394 6.5 23 II 
395 70 22 ff 
396 7.5 25 0/W/O 
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Zein Emulsions 
Since this group of emulsions had as its aqueous phase 
a 50:50 mixture of ethyl alcohol and water, it might be 
expected to behave somewhat differently than gelatin and 
casein emulsions. The isoelectric point of zein, approxi­
mately 6.8, did not appear to have the controlling effeyt 
on the emulsions that casein showed at its isoelectric point. 
Amyl Alcohol - Water - Ethanol Systems, Zein Emulsifier. 
Up to concentrations of 50% the amyl alcohol was miscible in 
the zein solution. With greater concentrations only W/0 
emulsions were formed. The figures are listed in Table X. 
Capryl Alcohol - Water"".' Ethanol Systems, Zein Emulsifier. 
Up to 25% capryl alcohol was completely miscible with a 
0.5% zein solution in 50:50 ethanol-water mixture. Above 
25% only thin W/0 emulsions were formed. No phase reversals 
were found. Table XI lists the data for these emulsions. 
Mineral 011 - Water - Ethanol Systems, Zein Emulsifier. 
With high concentrations of oil W/0 emulsions were formed; 
at low oil concentrations the emulsions were 0/W. For 
intermediate concentrations both emulsion types could be 
found in the two layers which separated quickly. Since 
there was no definite dividing line between 0/W and W/0 
emulsions, no attempt was made to graph them. Details con­
cerning the emulsions are given in Table XII. 
Ni trobenzene - Water - Etha.po]. Systems, Zein Emulsifier. 
At high and at low pH values there was a decided tendency 
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to form 0/W emulsions. A definite double reversal was 
found for this group of emulsions and was plotted in Figure 
10, page 39, from the data listed 1n Table XIII. This se­
ries gave the most pronounced phase reversal of any group 
of emulsions tested. 
TABLE X 
AMYL ALCOHOL - WATER - ETHANOL SYSTEMS, 
ZEIN EMULSIFIER 
46 
Isoelectric point, 6.8 Temperature, 3.5 °
Emulsion pH '/, 011 Stability Emulsion Number Type 
397 2.0 4.5 - miscible 
398 .50 - n 
399 .5.5 0 W/0 
400 60 0 fl 
401 6.5 0 " 
402 4.1 4.5 - miscible 
40J .50 - n 
404 .5.5 0 W/0 
40.5 60 0 " 
406 6.5 0 " 
407 6.9 4.5 - miscible 
408 .50 - n 
409 .5.5 0 W/0 
410 60 0 " 
411 6.5 0 " 
412 9.6 4.5 - miscible
41J .50 - n
414 .5 .5 0 W/0 
41.5 60 0 " 
416 6.5 0 " 
417 11.9 4.5 - miscible
418 .50 - . n
419 .5.5 0 W/0
420 60 0 II 
421 6.5 0 " 
TABLE XI 
CAPRYL ALCOHOL - WATER - ETHANOL. SYSTEMS, 
ZEIN EMULSIFIER 
47 
Isoelectric Point, 6.8 Temperature, 35°
Emulsion pH '/, 011 Stability Emulsion Number Type 
422 1.9 25 - miscible 
42J JO 0 W/O,O/W/0 
424 J5 .0 II II 
425 40 0 W/0 
426 45 62 II 
427 5.2 25 - miscible 
428 JO 0 W/O,O/W/0 
429 35 48 W/0 
430 90 88 • 
431 95 - unstable 
432 6.9 20 - miscible 
433 25 - ff 
4:34 30 24 W/0 
4J5 40 88 n 
4J6 50 81 " 
437 .55 82 II 
4J8 60 94 n 
439 65 91 It 
440 70 93 It 
441 75 86 n 
442 10.5 25 - miscible 
443 JO 40 W/0,0/W/O 
444 35 66 W/0 
445 40 67 n 
446 45 77 II 
447 11.9 25 - miscible 
448 JO 0 W/0 
449 JS 0 It 
450 40 64 • 
4.51 45 66 n 
TABLE XII 
MINERAL OIL - WATER - ETHANOL SYSTEMS, 
ZEIN EMULSIFIER 
48 
Isoelectric point, 6.8 
Temperature, 35°
Specific gravity, 0.881 
Emulsion pH % 011 Stability Emulsion Number Type 
452 2.2 10 11 0/W 
453 30 Jl 0/W,W/O 
454 50 54 II fl 
455 70 77 O/W/0,W/O 
456 90 93 n II 
457 5.1 10 18 O/W/O,W/0/W 
458 JO 39 O/W,W/0 
459 .50 58 fl " 
460 70 77 W/0,0/W/O 
461 90 93 n n 
462 6.7 40 60 O/W,W/0 
46J 45 57 II n 
464 50 .50 " fl 
465 60 40 " fl 
466 70 2.5 O/W/0 
467 6.8 7.5 0 O/W/0 
468 80 0 n 
469 8.5 0 O/W/0,W/O 
470 90 0 n fl 
471 9.5 0 II " 
472 9-5 10 97 0/W 
473 30 85 W/0/W 
474 .50 57 0/W/O 
47.5 70 JO 0/W/O,W/O 
476 90 0 " " 
477 11.1 10 100 0/W 
478 JO 88 O/W,W/0/W 
479 .50 63 O/W/O,W/0/W 
480 70 Jl W/0,0/W 
481 90 12 W/O,O/W/0 
TABLE XIII 
NITROBENZENE - WATER - ETHANOL SYSTEMS, 
ZEIN EMULSIFIER 
49 
Isoelectric point, 6.8 Temperature, 35°
Emulsion pH '/, Oil Stability Emulsion 
Number Type 
482 2.2 35 0 0/W 
483 40 0 II 
484 45 0 " 
485 50 0 " 
486 55 82 W/0 
487 4.6 35 62 0/W 
488 40 55 II 
489 45 26 " 
490 50 22 W/0 
491 55 21 II 
492 6.8 40 0 0/W 
493 45 10 W/0 
494 6.9 5 - miscible 
495 10 0 0/W 
496 20 0 II 
497 30 0 fl 
498 40 0 O/W,W/0 
499 50 31 W/0 
500 55 34 fl 
501 60 25 II 
502 65 20 II 
503 70 20 n 
504 9.7 35 0 0/W 
505 40 0 n 
506 45 4 W/0 
507 50 14 " 
508 55 18 " 
509 ll.2 35 5 0/W 
510 40 10 II 
511 45 13 
n 
512 50 12 " 
513 55 14 n 
514 60 3- O/W/0
515 65 33 II 
516 70 59 II 
CONCLUSIONS AND DISCUSSION 
Altogether over five hundred emulsions were prepared 
and studied during the course of this research. In general, 
emulsions stabilized with gelatin or zein tended to reverse 
phases at high and low pH values, with a plateau in the re­
gion of the isoelectric point where reversals were indepen­
dent of pH. Since the protein solubility in the water phase 
was a minimum at the isoelectric point, it was expected that 
in this area the emulsions would be preferentially of W/0 
type. The stable systems of gelatin and zein verified the 
theory. 
For a system in which a gelatin emulsion reversed 
phase wlth approximately equal ionic concentrations of 
hydrogen or hydroxide ions, the concentration alone was not 
the cause. This was shown when addition of the same con­
centration of NaCl to an identical system failed to cause 
any reversal. 
Casein emulsions reversed phase near the isoelectric 
point. This could not be explained fully by the fact that 
the solubility of casein in water decreased as the isoelec­
tric point approached. If this were the only factor, W/0 
emulsions would be preferred, which was not true in some 
instances. However, 1n every system in which casein was 
stable, a reversal due to pH occurred at the limits of sol­
ubility on either side of the isoelectric point, indicating 
a strong effect by the casein on the emulsion type. The 
.51. 
comparison of the emulsifying properties of these proteins 
dissol.ved in a common, non-aqueous solvent would be worth 
further study. 
Bimultiple systems often occurred in unstable emulsions 
near the point of reversal. Upon standing they decomposed 
into a simple emulsion, sometimes inverting to an emulsion 
of the opposite type. An O/W/0 emulsion might decompose 
into a layer of 0/W emulsion by coal.escence of the dispersed 
water droplets. Trimultiple systems were also observed. 
The cause of these multiple systems should be examined fur­
ther to determine their exact role in phase reversal.sand 
emulsion stability. 
Under the correct conditions, gelatin, casein, and 
zein stabilized either 0/W or W/0 emulsions. Phase rever­




Emulsions stabilized with gelatin, casein, and zein 
were prepared with a mechanical homogenizer over a wide pH 
range. The protein was dissolved in water, or a water­
ethanol mixture in the case of zein, and emulsified with 
various organic liquids. Single, double, and triple re­
versals due to variation in pH were found. When possible, 
the results were graphed. 
A discussion of the unique behavior of casein was 
given. Details of the microscope method for determination 
of emulsion type were included. 
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